Background: Bone tumors are neoplasias with a high overall mortality; one of the main factors that reduce survival is their high capacity to develop metastases. It has been reported that finding lung metastases at diagnosis of osteosarcoma (OS), chondrosarcoma (CS) and giant cell tumor of bone (GCTb) is quite common. In this study, we inquire the relationship of metastases caused by these tumors with different clinical and pathological aspects, in order to guide medical personnel in the diagnosis and opportune treatment of metastases or micro metastases. Materials and Methods: We collected data of 384 patients with clinical, radiological and histopathological diagnosis of OS, GCTb and CS that attended the National Rehabilitation Institute (INR) during 2006 to 2014. Chi-square and Fisher's exact tests were performed for data analysis. Results: In the three tumor types, the presence of metastases at diagnosis was variable (p=0.0001). Frequency of metastases was 36.7%, 31.7% and 13.2% for OS, CS and GCTb respectively. The average age had no significant difference (p>0.05) in relation to metastases, even so, patients with OS and GCTb and metastases, were older while patients with CS and metastases were younger, in comparison to patients without metastases. Males had a higher frequency of metastases (68.2%, p = 0.09) in contrast to CS and GCTb, in which the metastases was more frequent in women with 51.9% (p = 0.44) and 57.9% (p = 0.56) respectively. Broadly, metastasis was associated with primary tumors located in the femur (44.4%), followed by the tibia (15.6%); metastases was more frequent when primary tumor of GCTb and OS were in the same bones, but were located in the hip (26.3%) for CS. Conclusions: The frequency of metastases in OS, GCTb and CS is high in our population and is determined by different clinicopathological variables related to the kind of tumor. Further studies are needed in order to evaluate metastases subsequent to diagnosis and associations with survival and clinicopathological factors , as well as to determine the sensitivity and specificity of current methods of detection.
Introduction
The National Institute of Rehabilitation (Mexico City) has reported that OS is the most frequent malignant bone tumor (46.6%) followed by the CS (8.7%) and the most frequent benign bone tumor was GCTb (14.6%), this study were performed during the period of 2000 -2005 . (Baena-Ocampo et al., 2009 Uribe-Rosales et al., 2014) . Different studies showed that the lung is the most common site of metastases in this kind of tumors. (Llamas-Duran et al., 2011; Yang et al., 2012; Choeyprasert W et al., 2014) OS is the most common malignant primary bone tumor; predominantly affecting young people, comprising about 20% of primary bone sarcoma (Huang et al., 2015) of 11% to 20% of patients have detectable metastases at RESEARCH ARTICLE diagnosis, while the percentage of event-free survival at five years is approximately 60% to 70% in patients with localized disease. (Picci, 2007) Although control of the primary tumor can be achieved with the amputation of the affected limb, since seventies it is known that 80% to 90% of patients relapse with lung metastases at a median of five months after surgery without adjuvant treatment, reflecting that these patients have subclinical metastases or micrometastases at the time of diagnosis undetectable by standard techniques (Martinez-Cedillo, 2012) . National Institute of Pediatrics (Mexico, City) performed an study about this, and they founded that OS had 31% of lung metastases at diagnosis; in other countries, they have been reported frequencies ranging from 30% to 45.7% (Zuniga et al., 2005; Yang et al., 2012; Choeyprasert et al., 2014) .
Association of Metastasis with Clinicopathological Data in
CS displays a similar vascular distribution pattern to normal cartilage: large tumoral lobes surrounded by fibrous tissue septa containing small vessels. Intratumoral high vascular density is observed in some nonconventional CSs (mesenchymal and dedifferentiated) that present a low quantity of extracellular matrix and a high density of malignant cells. Indeed, cartilaginous tumors that present a low density of extracellular matrix (high-grade and nonconventional CSs) usually have high microvessels density, probably secondary to less inhibition of vessel formation (Cintra et al., 2014) . Periosteal chondrosarcoma wide surgical resection is the recommended treatment. Prognosis is usually good if surgery is adequate. Metastasis is late and very rare. Metastasis happened especially in the spine, pelvis, bilateral femurs, and humerus in the absence of local recurrence at 10 months after operation (Liu et al., 2015) . GCTb is a rare bone tumor that constitutes 3% to 5% of bone neoplasms and is frequently found in metaepiphyseal region of long bones (Azarpira et al., 2015) . GCTb is a primary intramedullary tumor which is supposedly benign but can be locally aggressive and even metastatic. Its name originated from the giant cells found within the tumor. It has the highest prevalence among the population aged between 20 and 40-years-old and has a slight female predominance. The most usual sites for GCTb include long bones (75%-90%) distal femur, proximal tibia and distal radius (Murphey et al., 2001; Turcotte, 2006; Raskin et al., 2013) . The natural history of metastatic lesions is unpredictable. Although complete excision of metastases has been successful with good long-term survival, there have been several reports of long-term survival even with residual pulmonary tumors (Puri et al., 2007) . The lesion most commonly affects the younger population, usually during the second and third decades of life. Pain is the most common symptom in GCTb because mechanical insufficiency resulting from bone destruction predisposes patients to fracture (Pereira et al., 2014) . The distant metastasis and malignant transformation are extremely rare, include the lung, lymph nodes, liver, soft tissue, brain, mediastinum, scalp, kidney and penis (Muheremu and Niu, 2014) . The frequency of pulmonary metastases in GCTb has ranged from 1% to 6%.29 On histology, the lung metastases are identical to benign GCTb of bone. Dissemination appears to be hematogenous and could happen during curettage, but this remains unproved. It is difficult to predict the behavior of these metastatic benign lesions of the lungs. Spontaneous regression and disappearance have been reported. Progression is usually slow. Reports have suggested up to 70% survival following aggressive management of lung metastases with repeated surgery (Turcotte, 2006) .
Bone tumors with metastases at diagnosis, have been associated with poor response to treatment (Li et al., 2014) and in a lower median survival, with approximately 30 months (Zuniga et al., 2005; Yang et al., 2012) . Therefore, it is important to characterize metastasis according to different aspects involved in oncological pathology, therefore; the aim of this study was showed the association of metastasis with clinicopathological data in Mexican patients with OS, GCTb and CS during 2006 to 2014.
Materials and Methods

Procedures
We included 384 patients with clinical, radiological and histopathological diagnosis of OS, GCTb and CS that were attended at the National Rehabilitation Institute (INR) during 2006 to 2014. We reviewed clinical and pathological data was obtained taking into account ethical standards for consultation.
Statistic analysis
We calculated media and standard deviation, frequencies and percentages. Kolmogorov-Smirnov test, Chi square test, Fisher exact test and ANOVA were applied. Data analysis was performed using SPSS program v19. A confidence interval of 95% was considered.
Results
Data of 384 patients diagnosed with OS, GCTb and OS over a period of nine years were analyzed. 53.1% (204 cases) had a diagnosis of GCTb, 31.3% (120 cases) was OS, and 15.6% (60 cases) was CS. The tumor type (OS, GCTb and CS) was significantly associated with the primary tumor localization (p <0.05); these results are shown in Table 1 . The primary tumors were found most often in the lower and upper limbs in the three neoplasms. When the primary tumor was located in a limb, the right side was the most affected in the three tumor types (OS=57.5%, GCTb=55.4%, CS=53.3%; p=0.93). Table 2. show the frequencies of the anatomical sites affected with a primary tumor in relation to tumor type (p=0.0001). The femur was the most frequent for the OS, GCTb, and CS with 55%, 29.4% and 26.7% respectively. From the global perspective, in the 23.4% of the cases (90) metastases was diagnosed, of which 60% (54 cases) pulmonary location was found. A significant association between tumor type and presence of metastases (p=0.0001) with the location of the secondary tumor in the lung (p=0.0001) was DOI:http://dx.doi.org/10.7314/APJCP.2015.16.17 
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found; in the OS the frequency of metastases was 36.7% (44 cases) with 72.7% (32 cases) in lung; in GCTb was 13.2% (27 cases) with 51.8% (14 cases) in lung; whereas in the CS it was 31.7% (19 cases) with 42.1% (8 cases) in lung. In Table 3 can be seen that the year 2012 had the highest frequency of metastasis occurrence in three tumor types (global). The average age in relation to the discovery of metastases had no significant difference (p> 0.05), however, patients with OS and GCTb accompanied by metastases had a higher average age, while CS was the inverse (without metastases: OS=23±10.2 years, GCTb=33.7±12.7 years and CS=50.2±18.1 years, with metastases: OS=26.6±12.5 years, GCTb=36±16 years, and CS=45.2±17.2 years). In Figure 1 , the age intervals are related to the presence or absence of metastasis with the tumor type. The male gender was most often related with global metastases with 56.7% (p=0.06 in relation to the three tumor types). For the OS, males had higher frequency of metastases (68.2%, p=0.09); in patients with GCTb and CS women had higher metastases frequency (p=0.22) . Analyzing this location-metastasis stratified relationship by type of tumor, we found that for the OS was higher this association when the primary tumor was in LL=81.8% (36 cases). For GCTb, was 74.1%in LL, whereas in the CS was 36.8% in UL. Table 4 shows the relationship between the anatomical site and the presence of metastases. Globally, metastasis was associated with a primary tumor in femur (44.4%), followed by the tibia (15.6%); in OS and GCTb this association was more frequent in the same bones, but for CS the hip had the first location with 26.3%.
Discussion
It has been shown in several studies that the discovery of metastases at diagnosis, is an important factor determining the survival of patients with bone neoplasms (Garza et al., 1999; Zuniga et al., 2005; Yang et al., 2012; Choeprasert et al., 2014; Joo et al., 2015; Muscolo et al., 2015) and this behavior has been associated with various features such as high malignancy (Garza et al., 1999; Yang et al., 2012; Linares-Gonzalez et al., 2014; Joo et al., 2015) , local recurrence, (Niu et al., 2012; Li et al., 2015) genetic and hormonal stimuli Uribe-Rosales et al., 2014) , unconventional age and the anatomical region of the primary tumor (Uribe- Rosales et al., 2014; Joo et al., 2015) , history of pathologic fracture due to the primary tumor (Cortes-Rodriguez et al., 2010) , no chemotherapy or improper surgical handling (Muscolo et al., 2009 ) and tumor size (Weber et al., 2002; Yang et al., 2012) . In our study, in 2012, increased frequency of metastases at diagnosis was observed; however, to discuss this aspect, we need to collect information on the methods applied for detection of metastases.
OS has been classified in metastatic and non-metastatic tumor due to the high frequency of this condition at diagnosis . Previous studies have reported a frequency of metastases in a range of 15% in the US to 60% in Thailand (Zhu et al., 2013; Choeyprasert et al., 2014) . In this study, we observed a metastases frequency of 36.7%, this result is within the range reported in other countries, and is similar to the 36% mentioned by ZunigaNiembro at the Instituto Nacional de Pediatria in Mexico City in the period of 1991 1998 (Zuniga et al., 2005) . It is important to mention that the lung is where the discovery of metastasis is more common (31% to 80%), this is similar with the 72.7% observed in our study (Ferguson et al., 2001; Zuniga et al., 2005; Muscolo et al., 2009; Choeyprasert et al., 2014) . In relation to gender, men presented higher metastases frequency (Ries et al., 1999; Muscolo et al., 2009 ). In our study, all OS cases between ages 6 to 70 were included; note that the higher frequency of metastases was found in the age range of 19-35 years (61.4%), this could be because the range of 19-25 years (40.9%) concentrated the increased frequency of OS. Primary tumors in the femur and tibia, were associated with higher frequency of metastasis, this is similar with previously reports (Uribe-Rosales et al., 2014) .
Regarding GCTb has been reported metastasis of 1 to 29% depending on the radiological Enneking classification (Present, 1986; Garza et al., 1999; Niu et al., 2012) . This study is limited because tumor staging and histopathological features are not included. The metastases are considered to be benign and bear the same histological characteristics of the original tumor (Raksin et al., 2013) . Although this type of tumor is predominant in women, metastasis are more frequent in men (Arnold et al., 2011; Llamas-Duran et al., 2011; Sanchez-Torres et al., 2012) . Most patients ranged from 26 to 35 years had higher metastases frequency (40.7%), this age range is similar to that reported in the literature as peak incidence (Garza et al., 1999; Arnold et al., 2011; Niu et al., 2012; Sanchez-Torres et al., 2012) . The primary tumor laterality associated with metastases were the right side as in the OS. Also, the primary tumor located in long bones of the lower limb (femur) was the most associated to metastases; this may be because this anatomical site is the most common site were the GCTb appears as a primary neoplasm (Arnold et al., 2011; Llamas-Duran et al., 2011; Niu et al., 2012; Sanchez-Torres et al., 2012) .
CS in our population was 31.7% of metastasis frequency, of which 51.8% went to the lung, it exceeds that reported in the literature, where frequencies ranging around 10%, of which 37% was lung (Chow, 2007; Yang et al., 2012) and differs from that mentioned by Gelderblom, et al, 2008 , for having low metastasis probability. We observed that patients with metastases had an average age 5 years younger than patients without metastases. Patients aged 47-59 years had more often the CS as primary tumor; however, three peaks with higher percentage of metastases were seen in ages of 12 to 18, 36 to 46 years and 60 to 70 years. In this study the presence of metastasis was more frequent in women; this is similar with the overall frequency of CS as the primary tumor. It is interesting to analyze that women had a higher frequency of the primary tumor in the femur, while men in hip; however; were not men who had higher percentage of metastases as expected. Added to this, the primary tumor on the left side was the one who was associated with increased metastasis and its location in upper extremity and hip (p=0.09).
In conclusion, the finding of metastases in the OS, GCTb, and CS is determined by age, gender, anatomical location, surgical, radiological and medical treatment as well as aspects inherent to the pathophysiology of tumor and time of evolution. Studies have shown that the discovery of metastases at diagnosis of OS, GCTb and CS is associated with lower survival, therefore, it is important to rule out metastases and micro-metastases from the first contact with the patient, not only with radiography thorax, but also use the Computed Tomography (CT), magnetic resonance imaging to rule saltatory metastasis, bone gammagram, positron emission tomography (PET Scan), the imaging integrated PET/CT and whole-body bone scan to evaluate multiple bone injuries and direct palpation during metastatic resection surgery and determination of Lactic Dehydrogenase. In reality, it is difficult to practice in the same patient all the aforementioned studies, especially in countries where the population has economic hardship and difficulty to access to comprehensive health services, such as ours; however, it would be advisable to study individual diagnostic test and in parallel to each of them, relate to sensitivity and specificity with clinicopathological factors and thus limit the most appropriate management to rule out metastasis, micrometastases and saltatory metastasis in patients with bone neoplasms.
